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ABSTRACT: 

PROBLEM TO BE SOLVED: To simplify design work by making constitution using 

a 

hard macro- module. 

SOLUTION: When digital data is transferred from a first circuit 1 operating 
with a different clock to a second clock, a FIFO memory 10 having a function 
performing receipt and delivery of data is designed. A memory module 1 1 
consisting of plural storing sections 1 la-1 If and a control module 12 
consisting of plural control sections 12a- 12f are arranged. Each control 
section is provided with a function storing a flag W (logical value 1) 
indicating a write-in place and a flag R (logical value 1) indicating a 
read-out place, and a function in which whenever writing processing and reading 
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processing are finished, these flags are transferred to a control section of a 
poststage. When the flag W catches up the flag R, a signal FULL indicating a 
full state is transmitted, when the flag R catches up the flag W, a signal 
EMPTY indicating an empty state is transmitted. 
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(2) 

1 

&RMfflESLTfra;**y^;i.--,/W:, 
Me#f Etisncw j& tr sat 6*ut Mffl^Haiaa 1 a, & 

imi. 10 

y^Rmmtmmt. zti^yy^mmmm 

U 

mi <v®m*hm i ^teRjwLT^-^jwwj 

T«aj^75^R*^Sti-CV^lW«»(c*fJ6t6 

teita*^ r-^t«aat'C»2^ig»^4i*JMi 
v ^ , mwmy 7'/r«$ fix v vtisiwaii , 

znmmmy y ?r mmmw^m.-t mm* 

4HWffll*tts «ft}«B!r79^Rtttll!lLT^*t#te, 30 
lffl^&»&^7?^0^«:*t>fci:t* Hi 
0>BH«C# IX F I F CM =E y iWllttJIlT** £ £ 
•TAW- FULLSSBU a»fc, «y»Sr79*'w£f& 
ttLTV^fcSt, Kra* 1 feKJB«Bf7 7^«0KS* 
H2 <0HBWcJf L/C F I F o* * y #2 

««-c*& i t £5c$ii#e MPTY^iMftf mm* 

[f»*^2] ffcjtJ5lfciS»9F I FO^qE'JttJ^ 
1 h'v KOlMt*? SiWlfllfc Lffl^TffiMI- £ £ t 40 
fi»Sr«S-|fi|t:Mffi|fe^Tffi{ai-4 ikfciOLbTyh 

sriEiEttai: rate -y ^rm # isikivhsm^t 
3ft.* J: 3 tLfcifcfctfetf *f i Fo**y. 

[|ft&l3 3 it*Jg2fciEll<OF I FCXtytctSV* 
U -fe <y r-fl Wf* feflfc t # t . »32*0f 7 5 50 
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2 

i^K{lJ*Blf7 y Wfti i L=5rv ^ l 
^Wfc itffSaSMJr? 5^R*)}R#£±jaW-*82«lW 

wat. *jbsu m«$wa£ (m- i ) «s-r 
sttfcfc, »2«w»s&niiatt«ifcti'3. 
sm^jL-^awcLfciksspafci-sF i fcm 
*y. 

[fi*JM4 ] 19*12 i jfc(i3 tiEa^F I F o*^ 
yfcfcwc, 

#»ati, «S^7 7^W£«lrtl/0>4k&fc. 

tt^siBttafloiESsimcst LT#2jf «Kt fww 
sajau asasiiBf7^Rti>&«itTv^i:Sfc; *r 
^iEttart^KOTt^testtTiaajftTsr^RR* 

aj*"f6i.t*W»i:f *FI FO^t'J. 
[flH&B 5 ] 2 CEttW F I F t U 3>H£ 

4HE«3R^ *J J: V«W«a& s Kv7nt 
^a-zH: LT9'(7*9yfcailSitfc-byl/<?WEWTffl 
*U 

tifieieii^tcouTw-b^s-, *awrtifc:Lffli» awa 

i> -5 ?t * * y y A -ivz ffif& l , 

■te/Uh R 1 1 v ■^•C«*rtIteMffliM'^r sat- * r t nz 
X 0#J*t £ k * ftftk « F I F 

o^tywiefiSife. 
[000 1 ] 

[SHH<om^4S«*if3 *%0J{±F I FO^yteW 
U «rfc. IMB«K«j»*4 2o<o0BiaiTTi'*^;UT 

ffd«(fi*t>-7JtF i Fox^&y twt*. 

[0002 ] 

[«#<oe«] av^fciMKsaiojwrsiiiBiiarpr^^ 

l>F I FO (First In First Out) ^4>fStlStt 

iw0»3^^«st-^§r-^3& < ai^snfc»^ N §i2 

tixDaoik^ri'^vwe. f i Fo^ijtin 
T7 f -^*-«wtsat'rtj<«8JB* t *s. fifo 

^t'JCISS^f-^lt ¥SfS*ufcJf£, H20 
^n-y^tRJBL"CS52^>HIR^i:lX")a4ii«. 
[000 3 ] ^*OF I FO^^yk LT(4. TaTyl- 
sK-hSRAMS:nJBUfc<>«*<HRW^*6. %\<n 
0»*>4»» 1 w^n -y ^ fciaiUHLTffi^StifcT-^ 
ii. TAr^-r-SRAMrtfOSSlW^-hSr^U-C 

li. »2tf57K-hS^LTS2«0^o*jr^fcH»BLTff 
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3 

Mcsrt-saar h t met h t ^ffltfa 

oLX. mmte&frt-iF I FO**yet4. r-? 
[00 04] ifc, — I FO^t 'J£ii. mi 

vmm~n ix * * y $> s ; t ^ f 
a^aa*3KLfc*&fci4. m^EiRa»6<x«teas 

WT\ fl-f EMPTYfrU^^IIlKK^ifiLT, r-? 
<OB9&*JM*'Mlr$tf4ft:tf>'C2&S. ff-^FULL 
^ft-tEMPTYii, KiiK-fy^atKflj^y^ 

[0005] 

tfMRWfrF I FO^ 'JJ4. fi7;Wf-fSRAM 
SKIffl Lfcb CDX'h h if, ZCOt* 7)VX- r* SRAM 

#4 v?*ttawM y^WK «#fu.ll*»* 

EMPTY t' *ff a fcib«I»Tft 

5. t^bifi. -»5f^7;^-hSRAMIl A 
- F v 7 nt y a 1 1 X. -t A 7 y U fcfflg $ 

U ItyO Wt^'a UfflfS £ k JiT^-f , # ^ y 
*\ JtHSSs *II*£*>-£iftai5IK. &k'<Dg|Sn a n £ffl*-£- 

*"W4. ICwKff-fc. iftv^^Wr^hy-^i 
fflv vfc Siiii>IEStt(c J: -5 T J»¥W£?r ? 

mm^mwm^ a ±x±% k%i. 

[00 0 6] tail mmt. FIFO^tiJM 

^&^m«MSff£ffdi&pg?\ fifo**u 
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-rt'*fflv^aiftS!Bi»€rff-3fcfi», SS&9M7 

[0007] 5a^-C(4. ASIC (Application 
10 Specific Integrated Circuit : 1#£Jffi£|Bj»?3&SE 
K) Ofil^^^oT&TfcO. SOG-GA (Sea Of 

Gate- Gate Array : y-Mfc&fS#)S<50y- r-71/ 
-i ) ZfflmLXAS I CSr^ltt-S£k* i 7A<ff^fLl. 

UT»ttS*utEI»?l4s ff«»t*<yMgc, ffit««7- 
K»tt>ofcF I FO^*'J*(«R*Sfi«£kfc:5:6 
* 4 \ £ co J; o fcffi*<0KMHI** tifcFlFO^iJ 
S\ y7bv^D^^a-;l/i:tT^th-r-Sf^{4^ 

20 *S^»(2,4, 8, 16, 3 2, ••■) »»7- 
Hft*' t> -5 fc F I F O X * <J ^STR-f SififB*** 

[0008] *£-C*«WB(4s »»H^I*IU*ft5** 

£ k I) F I FO^t U fc «t iX-t (OWb.1j& I: Jlft 

[0009] 

30 (1) *ffe#^10MWI4s il^n 7 nHl#t 
^l<0E»*>fe s »2<0^n7^-C»ftft«W2«|iI 
B^,- T*J9nrr-f ^sKiM-f^Ktc, WIUBcoIBITt 
-*0®t«LHf31IB5£k-3fcF I FO^ytefe 

«&a*ffv\ «i«i!if7 5^w*iaftUTv^j«» 
{4. £osa«5r75^ r ws:as<offlitta^k«ast«. 

«»*ffv\ »2O0»*>4>»2^n7^t|i|»Jl,jt 
50 uo^jSfciJ V vcHttJl§J9f 7 7 ^R tfftttS ixT I ^ & 9Jfl 
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5 

J5f7 5^R*)tejg£3**Jti:£fc:, S&2tf)B»fc**LT 
F I FO^^U^^aB-CJbSrt^m^EMPT 10 

[ooio] (2) #5Hue>SI 2 comma , _t*o|S l 

M«^T iSH"t& i £ t J: "3 L f ■•/ MVI v- K<0®» 
Stofe^t'Jt ^'a-^fifJiSU M88££ttaU: 

[ 0 0 1 1 ] (3) *5MB<O»3<0»»i. ±^<7)^2 
tfflMHCffi* F I F t U IZ feV >T , 'J -fe >y Mt^** 

U (M-l ) fflffiltikfcfcfc, flt 

2 cOS0PgP5- 1 WBffi-l Z b i 0 , MOTE s^jl 
J: 3 fc Lfc fc 

[0012] (4) *5KH»*4«JiaMi. ±^W||2 30 
ffi2^7 5^£J8lftl/o^fcSfc. ttfc 

•ti f&mm&waft&t l-c#2j? wi-ww £ & 
MEtii$Meras^#LTM^fi^RR£ aj* 

■f* J: 3 fcLfc few?**. 

[ 0 0 1 3 ] (5) *5mh»h 5 comma. rn.com 2 

«ti5FI FO^^U^Sjg^^^T. #H 

fc LT 5 <f 7* 7 »J ta«S iifc-t;KOJK*TfflX 40 
CMfflSJiJ-f* i t (CJ: Os L t*y hM 7- PODS** 

[00 14] 

[0 0 15] §1. fejfrOHRMfrF I FO^'J 50 
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iit*>e, flawsHRWirF i Fo.x*y 

fcBMJW-*. HI 14, SV>fclWB»JK>JWr4«l«0ll] 

f$lfcJ:tfS&2?»2PBTC\ T^/kr-^<0«)3S* 

F I FO-Xt'J 3 *5?t«M3-C*4 . » 1 <T>m 1 {4 
atl^nv^CKl-CfMPU H2^[I]S&2{4J&2<7) 

tfdifct==SrO. f^0TT-*ISi&£fT3*£fc{4. 

emuiiftjR-rifcto^F i fo^? >j 3*«^s*s 

jfcgtf**. iitwrfF I FCM^'J 3(3(4. tsiM-f 

h*-yh^r-^-cfts%&tJ4, eflgcoia-isgPA-F 

(4. i^fc8t*-yhcor-^**SllW-6lEt«?fi^* 

LTfcO. ^c7)F I FWt'J 3(4. 8t*vh67-h' 

[00 16] iif, S51W0»l*»i!>*2<O|al»2 
^v, fy'W-^Xl, X2, X3, 
^■(4, «»J:a«rft!!a*<ff*>*L*. it, *10>B»1 

mmt^T-fxi, X2. x3jkwikhi*s#l 

S. i*lfe<0r-^l4, F I F0>*U3rtO3EV^TV^ 

^feOT-^WROaASSR^ftit, F I FO^^U 
3 rtt»«S<ifer--^OTilftSnfcrafc:, ^2 cr>?n 
•y ^ C K 2 (cl^XH Lfe ^ -f 5 y rcmXBW-lliZtih . 

y^Pwrite ^RffisK-f ^^Preadtj&^HfflSiti. # 
arfr-f y^Pwrite (4, SI 1 1 J&^JfJ^ftfcT 

mititfJy fPream. ®2c7)HISg^t T-^^M^* 

lC^fflT'te. fengpA, B, C(£J4, Kfcr-*x 
1, X2, XS^'S^EiilTfcO. »a^-fy^Pwr 
ite {4<Jc(:r-^*»#atKCSiE«3ltD^gL^U-C 

v^s. *i«ni»i*»fe*«)T-^x43fl*{a*sfi* 

i^-r-^X4(4«a*''f V^Pwrite ^"flt^L 

Tv^iEttffliDfcSSaiiiSifcfciSfO, 

^Pwrite l4<)C<OiE1ia5Et}gL^J:afc:3Stt5n 
ft. S2<0EI»2A.T-^*g!»aj-r«^fcU4. 
4-f , l&iJrtM ^^Preadj^fSt^t-CV^IEttSA** 

^>T-^xi^mai§ni)it(c^o. was^y^ 

Preadl45X<OE«i»B t^J; 3 fc58W $ilft 
[0017] Cl^F I FO^^r'J 3t(4, ^Rttffi«<» 
«IBfc:=flr-> fc <! b - F U L L S:S? 1 ^QB l a, 

«*EMPTY*»2 0EI»2^aMW««llgi:. * ? fil 

^Rai^fffcKiikftUfc, fj^r-^X4, x 
5, X6**»*a**t4k, ^EiftKAntKJBi:**^ 
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$ i omss 1 1±, ^ coft-^-F u l Limfeztu&feiz 
lis T-^fijMias:-B*(*±-ri>o at. Hii^-r 

ffiSfiSfc, ^«SIWS#!Bi:$:Stf>'C\ IS2tf)[2lS& 
2fc«tT^EMPTY*<SffiSfL4. m2<D05i&2 

[0 0 18] iWidJSrttBBSrfcoJtF I FO^t'J* 

V>S>fVOvfc. 02!4. »9F I FO^^y<0— jRW 
fcfl&S&jjrJ-T'n-y^HT&S. £«9F I FO^L)*) 

sK-hfcaaj:K-hfc*^t. S5i*>iii»i#atfjw: 

li, K 1 n -y ? C K 1 tzmW Lfc $ A 5 y 7' 
T\ SStf-hfrfe^Sifu 82<0BSfr2>\R'3& 
tfr-^tts &20?n»/?CK2£H»!Lfc*4 S > 

14. sa^-h^LTtfarh'i^xs-^-r^tti, 

^Pwrite &£Xfmft#'(y?Pre<i(Uzm%i-hi>WT 
tio-C^S*t*SRAMrt(7)Th*UX«Br(^Stt3 

0tB§iiSitt=5:S. nybn-/i^|55{4. «i 

UMBfJg^feff* jftt L^-^-tcii. m# F u L l *> & 

[0 0 19] .TOJ^&t&feOF I FO^t'JSr^H-t 
4*3£* fa7Mf-bSRAM4|:*3V>tlls >N-r* 

^feiUffl^T a r^HK- b S R A M £ * <9 £ £ f IJJH til 

[0020] § 2 . immzi&h FIFO^tiJ 
*56WttR5F I FO^U 1 0«OS*flllK*, 03(0 
T'n-y^iafc^. ,IC9F 1 FO^y 1 0<?)±fzlffl 

f&mma. ^'j^i-'a-^n itum^v^-^i 2 

t* y h t fcoiEltS?: . ttftMfflES t 

t^^/i -A^* 9 . m^mx\± , 8 1* >y h«o£ 
ftSrt>-P6fflcOfE'tia51 1 a— 1 1 ft J: 0. 
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1 2t4, zti^mmmznmLxmi^titiMmm 

gttSl la-ll f fc-tn-PSWtJCL-Clft^4>^6 
ffilOffllffllS 1 2 a~ 1 2 f fc J: ■) . fflHW^a-A' 1 2 

[ 0 0 2 1 ] m 1 <Z>0R 1 J&»$>atfj3ftfc8 b' y h<y}f 
-?X1, X2, X3, ■■■\i^^)^ i J^~)V\\t\ 
<O6ffl0DiMtSl 1 a— 1 1 f W^-fn*»t:S#iiafL 
10 SClttftO, fitt*ilftf-^Xl, X2, X3J4. 
f&ttSftfcJIte. 82<9ER2^fc«*ajSi-ia£i:£ 

#>iz. &®mmi 2 a ~i 2 f (cii. 

&®& TSj^ai*ffi7 5^R£«lrt^*iBi*T& 

20 s. ;;?n ^QMmyy^whmmmmyyyRh 

Wfftkt-y h "1" ti^T^fJ-TtJO, t*>yb 

" 0 " #a s tvfc&ffli 7 7 ^*qsiftS ftT v W 
&^L, fvh "l" 3&«£S<ifc<iWli79^35q6tt$ 

[0022] B3C^§iVO*60fC(i. 

«7 5 ^w(4$0fflia5 1 2 d tz^tt § o . m 

30 ISaj«I5r75^Ra, ff52«H]B2^T-^S:]R9iitf 
[0023] ^15001^1 *^ISlW^n-y^CK 1C 

(4 . <rm \ ^x Wnh&ffi? =7 /w^fg^ ^tix\^ 

hmmmznmhmmz.. zwft^tit^-?* 

iS-f-^^a&ff^. tit Hi, ES^wKSSfciJ^T, s 

40 ?X4i4. SS. Sj2>^FJr77^w^tS^$ixTV^Si] 
ttlSl 2d(c#fJEt*iett»l 1 dtS^ail^l.ii: 

m&^myy^m. mmmi 2 d*> 

^SkS<0«MSP3l 2 e^tfejISix^ (©JPSPl 2 d<0 
_L»#t*-y h "0" fc=5r0. ^TOl 2 et0±a5*if.y 
h "1" . 

[00 24] St2«O0»2*»4»»2^n v ^C 
K2t|S]lt|ltTT'-^A^<7)g**>-$)4^. ^t^'Jti/* 
*-;H U4. ^W^jStfcv^TRajttBf^^^Rj&qft 

50 $,LxM2cr)®M<\^immft\\ wnu®m ? ? 



12/1/04, EAST Version: 2.0.1.4 



(6) 

9 

SUctJV^Ts » 2 »0»2 ^t*--* S: JR "3 &tr«£\ £ 
ft. KJB«J5f75^R3Wa«lSfi-CV^|iJ»»12afc: 
*WE*6Ett« 1 1 atfittSflTV^T-^X 1 

«Bf7 7^RU, fGnSPSVl 2 a^fta^jflpgjl 2b 
^fcfiiSSfl* («fW»12a<9TSW t t>r "0" 
=SrOs W»»12b<0TW*«e«yh "1" C=5r£) . 

[0025] a mwm7 yyw&xvmia, io 

*Sr7 5^R(i, Sfc, IW9*Sol-/M 2£flMW-S 
12a-12fW v**hj&» 1 ofc««$fL. $ 
1 co? o y ? C K lfcHRB LfclKM&JItflSfT SfUfc 

m^<vm~Cli. Eex&frte^ ftSA, B, c, d, 

E, FO*te«#jW£*3*lTfcD, #7 7^ii. SIP 
gB12a, 12b, 12c, 12d, 12e. 12f» 
IHfclEj83*l4 £ fc fcfr* ( t* >y h " 1 " *U 20 

FcDfMSi: L-CfflltA*«g«S <iT*J 9 , SSWgB 1 2 f 
j&»$>«Sa3*lfc75^liW«l|»l 2a^tRSJ;'3*fll 

[0 0 2 6] iOF I FO^t 1 0*«ttfciH 
V±vbm**iZ>Ztlz£>om 
i&gSrff?. I FCX^'J 1 Ofc'J-te 

7?^RJi, V^flt*Hfc*4«l«»l 2atett«S 

n "i" a*e*s*u flfiwt^T^i^tet'yh 

"0" am\S*Lfc*BBfc$r*> . *U&<D<ii 

v^x-ZH l^^t l»-t^Tc7)fSti^l la-llf 
ii&t VXi&hiih. 

[00 27] y-fevh*ff-5fc»C, »l<7)0Bl*»fe 

as* $ x i ii, *«on$ jjST«z*Bf 7 

1 1 afcS§a*il. «^Jff7 5^tt&<0lMHaBl 40 

2b/\tein§ixs. m^x. mivms&ifr^mjjz 
u&mm 1 2 b t*fj6tfcie«i5 1 1 b 

&4*U »S^7 5^f±&<*>«fP«l 2c^\hteS 
SftS. SSte. ^10[HlS&l*^T-^X3*m$il 
ht. £037*-^ X 3 {i. *«Bft£t«a*il5r7 57'W 
^tStt$/iT^I>MWl 2 c(c*«6UiiH6Sl 1 c 
tflte&afu *^J*7 5^tt<iw>tt1l|«l 2 d*^ 
fcS6&£fl&. 03fc^#77^OtfJGMi, £<9i:£ 
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l 2rtto^S<ifc*a»0f7 ; 5^nv*jJ:VBjaj«Br7 

[0 0 28] £OF I FCMt'J lOTti, Ma 
tt»l 1 a~l 1 f ff-tFULL^' 

<I#EMPTY#f|S2tf)|BlK2^i:i£ 
m^tlh. £*U4* #«9P8fl 2 a~l 2fifflml 3 

2a~l 2 f{±. «aj**757'R£l»ftLT^Si:& 
«n^fe«32^75^c9lK££»t4 4:, Si 

7/RWte3M?rS{tl>fe. »2<0|sl»2fc#l/tfc*E 
M P T Y *aiflW*«IB**r* . 
[0029] ZnmmZ, H3<0flfc*^VVCAttWfc 
aftBBLJ:^. fcfc*.H\ H3t=*^RIBfc*JV^T, £2 
<0HI»2^<07 f -^«ast*«ff*>tL4£t!SrH^ SI 
WEISS I*»fe«fc4rr-^X4. X5, X6a*HtfJ§*l 
* t s tefiSR lid, lie, 1 1 f tc s ^fL^f- 
*X4, X5, X6*«»Sa4fiS£i:fc:=arD, 

wa^ttiRfc**. r-^x6^ie«a5i 1 

«Z»I5f79^ r W»4tR»L , CMflP»l 2 a^tgjM 
Sft4ii:fc^:4. -fib. MOIffl 2aft K£il^59f 
75/R*«ttLTV>4i:ftfc:, Ugb&»6»a«Bir75 
^nv^XeSfeRftfci i: 9t 1 1 te#f 

UTfi^FULL*jli«tft. *l«DflHHtt, £*>fc 

•tFULL(OjMft^(ti.t. r-^caaiiat-^i* 

±f*£i:fc:*«. i*ltJ:»)s FIFO^^'JIO^* 
[0030] mz. H3fc^t«ffifc*JV^T. S^I»T 
f-^Xl, X2, X3^'®2C0[IIS#2^t^a}§iX 
1 c*^^^ai$fL!tl^*T\ iffSVl 2 c 

fc^s*iTv^aai«Bf77^R36<aa^kKjss<i 

Bcai*#m77^R(i$iJ«^l 2d>\k 

isssnsrt^ts. (SWP»i2(Ui/sa 

«JJf77^ f w**S#iU-CV^k#^ 15^*^1^*^ 
yy7'R<7)%mZ i %WzZttz%&(7)X\ S2O0E&2 

*=*rt"cm#EMPTY*aaii-s. s2comss2ii:. 

i^^EMPTY^jSHiSrgttSi:, T-fMmm 
&-&ft±thZ.tlZ&h. ZtllZj:*). FIFO^^ 

[003 1] § 3 . ^c%qHicfiR& F I FO^t 
it2S 
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(7) 

1 1 

Ja4Lfc*5&9lfcffiS F I F O.** 'J 1 005.* V v b 
£, vvfftfc*;i,?-f79yrttcfli*3ftfcA-K'?? 
l»ttft 4. i^W^ 

coo32] -fe^-f 7*7 yrttefflssnfc i tr 

7r2 2tJj:Ifait}T-^y7r 2 3»H:;H:EB 10 
U #fflfTi=.yh2 0*»JJW-*. ;;t, 
Oieti#^-fe;l^2 1 , f2,f-^A' 7 7rM^2 
2. Kajf-^'y7T<0-fe/k2 3tt, VvtfftfcifUfltt 

<7ykWS.*imthZ.ttfiT?*h (£*i4>#*;l'fcL 
2 0 fcaWflfcL^WEflOTUf , Lh'7 hMV- 

i^r, JS^ini{3M^i#?ijrtwL{i^ia 20 

ikt=3:4 (fcfciif, H5tf>SSlfl@teM/U£UH0) 
IE1t*^-tr;P2 lfci-a-C, E3fc^-tEtt3l 1 a 
#»l£Sft4) . 

[0 0 3 3] 06C5iH\J:3£s Mffl<0©J» 

C0±A>3 lfcfflSU <Iftk£, 3&l?nJBa>4>mM?!l@ 
4 T'^MMSIiSfli: [5] tt: v ^TM^TEflWfttf H 

s. m^m\im<n^)V3 1 (i, § 2-ea^wifet 30 

ojHRWSMtA^ 7*5 UC{4ffl*S<fC«f^v\ Lfc 
->Wfli»<0H:^3 lfrfftift-fe^fcLTtattU I ft* 

-f 75 y fc««fi«UT*j < &®mm 

MS^fcioT* »&^7 9^*$J:tftttMW9f7? 

80*-fc/P&fflJfr$-4«fcBa*»*#. dftt^Tli, ft 
^SIO^aK* ) , HUKdRfl-f 4 F I F 0 40 

y^y-b'iiac^iW^f - , -*-w$iJffliSe^^^3 1 i 

[0034] ft»fc, H7 C^-f- i 3 te , MfflOfflflMF 

lOElSSlffflV^lglO^O-y^fi-ifCKlS-, gji 
ffl?Q7?WCLKt LX-^-t- *2<0EIII2'CfflV^ 
*2»;ny;WCK2i. !&fJffl?o«y:?RCLK 

it-c^x, #w»»fl-fcA'3ia>fc&«3*i.*flr#F 

U L L £311 COEK 1 . «W«W<0-feA- 3 1 

&fI$ft&ffvEMPTY£g?2<0|II8&2'v'f;i4.J:-3 50 
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1 2 

J: 3 WUi\ *%U]£ffi4 F I F o«x« U ORfHi* 
TC*4. 

t o o 3 5 ] zcox o ^mx-mmn ta , ffitot* 

a-/nc J: ORtH-4 z b ifivt h<n>x\ -fc/H&flffltfc 

[0036] 

mmiOOlt. MV-h'CDfE-ligftSrioF I FO* 
tUCOlfSnMB ) CfflV>4>ft|>-te/U-e 

£0, H9fc*tf!l»32 0 0li, M7-Ktf5fE®Sa 
fctoF I FOjeqEUWSIMJilB (fi±ffi7-K) Wfl 
V>&ft4-tr/P-Cfc4. M#(0ffi3{i;, U-tr-y bft-f-R-E 
SETtf$-lL,tlKtZcr)®fcco&X'$>& . tth%. 

hs 1 o oii. y-fe'y m-f-RESET*« 

4>*l6 1 . ZMCDI&T-W ( n ) , R ( n ) tlrJIffi 

L. H9fc*1H!|»SII2 0 0ti, 'J-kvbifRESE 
T^i4>ft*t. i&flSIc7)^W (M) , R (M) tCffc 

att " i " (77^ o iattt'v b ) tfftjiztih. 

§ . ms^-trnm^ 1 o oti±. m^Mmyy^n 
iumft^ffiy 7?R<m ^ti t> ft* v ^tE*t 

it^aj^Bf 7 5^R<?5}R**^jssfts i t . 

ftftWtJi, Tttxii". 03fc^r«J:3ts 6 7-HW 

eisss (m=6) ^toF i Fo^^u^ttiawsa 

^, MffllSP 1 2 a~ 1 2 e 4 X'O 5 -O0&m& b LX 

1 2 f b ix. m9izmvm»2 o o#*fflv^fti>; 

[0037] 128*} J:^H9tC*tHMWis V^-ffttlfc 

ay- h t )ii^ElS§ t Offl^^-tJr^J: -oxm&ztix 

V^S. 010-01 2tt, iftfe^EISS^fflV^ftTV^ 
&3«H0Jll#®f& (#H(a) ) k^^Saffla (#0 
(b) ) ^^<r>X'hh. fmimco rxj ffiBw 
iSia<lS:^t, rutch j Ulfl&attSitt'&ftSft* 

[0038] $ij»a5 ioo, 2 o oii, i^«r«-^ati7ji» 

110, 2 10,«i«Bfr7?^«*WI512 0, 22 
0 , nSft^Hfi£« 1 3 0, 230, KttMMf 7 5*'* 
HWB14 0. 2 4 0«4O«»**»4>«lJ«Sft'CV^. 
££T\ #iMBJ»7?^|ft»l 20, 22015,03 
te*f #WJ«W 1 2 a~ 1 2 f <0±«O*Tteffi3** 
Rffl*»r7?^T8tt«14 0, 240 
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1 3 



li. H3fc7Sf#«HW»l 2 a~l 2 f OTIK)*^ 
[0039] *&m73?mi»l 2 0 , 

220 twmmmts Msmm " o " t> u < a " i " t 

bmiztixstzmmnw ( n-i ) *\ m&^oy? 
ft-tw clk <n± *) x «y s;n i^nB u m l fst i *> 10 

*2RBa)W«gR^'ja*;h., ^4W {t )i7 
^(CFIJIBUT. ffcfflffiW ( n ) k LTttg^4:IBSS*l 

©jffligp 2 o o *^ ffi^ $ft£!&giiw ( m ) it. « i n 

B(cR{tt<x*H8fcjS^1B»»l 0 0^, f&Sffiw 

(n-1 ) kL,THS3h.4;i:fc**. 

[0040] RtRtC, «{t}*»r79^W» 140,2 
4 0rt<0Wm»tt» ffcJfflS "0" &L<(4 "1" *- 
B*Wte«J$U *2<0EKMII*»i94i'c>*Ift*2»^O 20 
•y?fl* (Rffi?ny?fi*RCLK> fcRJfll/t, ft 

4. fctitf. Bl8fciiVtiW*MSl0 0'Cli, 

•Kas^i-csfcifcattR ( n - i > j6*. afttfj^nv^fi 
* r c l k OA *> t# o x 7 v \,zn% l r fl$ i ft s <oJi 

2RB0WfBRfc3R'J&4*u ^A*>T^Ox-/>>- 

fcRjHLT, a^ifiR (n) tixm^mmztii 

«»2 0 0*»fem*SnfcliattR (M) (4. £1*13 30 

ec»*-j- ^>n^Ea8 *cst^iM»iar i oo^ mmmR ( n 

-1 ) fcl/CRSfifcifcfcfc*. 
[0041] m&Ltckllz. ZtltoWRfcV-tvV 

0(4, fftaffiW ( n ) , R ( n ) t IX tT>y h "0" 

ffllg|52 0 0(4. » (M) , R (M) ttrf'/h 
"1" £&JftL,T«B^fc«ia , $-6«ffl*ff5. LUtf 

S? 1 ?'J BOi&W^ 1 0 0 |*Jfc: s «M»J»7 7^Wfc J:tf 40 
BlKB«Br7 9^R* t ft»S#Lfc«!B, -r&;b*>, IB^HI 

K(cnafi "i" mmntzmt**). asan- 
as (M - 1 ) ftS^Jmpi OO&J:tf£M?qB0VJfl 
$2 0 Ort^JIffigKfcrfflltf "0" #flM*3#ifc:R 
Jttfc*&. «WWf7 9^TailW» 1 2 0, 220 

rtfc«»3*ifcttM " i - (iMM77/w) (4. 

P -y ?«*WC L K CD 1 ? O y ? fflHir CttR 
^k*RjS$<fCI9>#. «BU*)»7?^tt»14 0, 2 

4 o 1*1 fcfitfts n^mfflffl - 1 " ( mmmmy ? r r ) 

J4, ^tB?0-y?«-fRCLKm?0-y?J3l8lirfcK 50 



1 4 

[0 04 2in f nr«^aj^»ll 0, 2 10<4, «>i*§ 

9 120, 220 mimmmmm " 1; 

«rft»l/0**i:*fcs ftZJfWS-WW ( n) , WW 
(M) SrtbTJL. Rffl«»r75/R*«§ttLT^&4: 
1-**%, Ra«J5f7 5^tt»140, 2 4 0l*l 

wjfj^ni^ifeafii "i" Srtmu-cv^kst. mm 

mm^RR (n) , RR (M) ^ffl*-f*«tt6frt"t 

a. «&« : *re*ww ( n ) , ww (m) « jtfRttfl* 

pJff-fRR (n), RR(M)!t WJB^4W<0EtMf 
fttfW * 'J #f^i:ttlfr3fU *055tf ( "7— H ) fc#hf 
*»*5i»tL<l4Rajt«m* J 9!ff$<x*ii:fc* 
6. ffWMWJfcl 10,21 OrtteRJtfefifc^-y 

ggL, i*Lfew?«y7T<o«a»fiBw±, aettwotv 

[004 3] 4fc, H3ff#S&£»1 3 0, 230i4. 
Rffl«»7 9^Ri«* l !iUrv^k*fc s huSA^SE 
JSHIT7 7^Wc7)te3*£g(t£ t if ttt#F U L L 

atis «Z«J5r7 9^ r W*»ttt , Cvv4tS(c;'W 
R*»feR{U*W5f 75^R«eai*»tfei: 6 fcffll^E M 
PTYS«4-f4«Sl*fT-3. »'JrfW4\ B!tB*§ffi7 

7 /*s^gp 140, 240 ficovmmmmm - 1 " 
2 0, 220 A,«rs*» ^iftaflt " i " tfmmztix # fc 
i2o, 220 nwmmmmm " 1 " st«^lt 

V^««<0i:#fc:» Rtfi^m77^ftg|514 0, 24 
ONfflRfrfcttatl "1" *%iH$^-C#/i^t, ft 
*EMPTYS:l%4i-6fllK**"t*. =Sr*J, U-b-yh 
flt#RESETS:4ifcltt*t:t>s ft^EMPTY*^ 

[ 0 0 4 4 ] 0 1 314, ±»LfciW» 10 0, 200 

s e T *. ^*^J4 , v ifdroEiUiii: t> t- * {4S 
saiw*)ti fi-fEMPTY^wi "i" t&o 

(W) Sy^SLTfeO, Sji^P'/ 

teRwa t x m * a»**fffc<tr ^ & . r - ^ tmsmzm 
■^jLtiiixonz. mnt 20)itizMKom (setup ti 

me) t LXmmr l^WftSfl, R&iJt 2<0«t«»B» 
^ (hold time ) k LT»inBT23W««S*lTV^. 4 
fe. I2^<7)f?ljr{4. ZCOm^ikfrlzXr), F I FO^t 
'JJiJdJRttk^o-CfeO. ft-tFULL*WI "1" t 

Kwrnitztix^i. &<m®T3xtt, 

ofeF I FO^^'J*^. f-^Data (R) OBgtB 
L*0«fSflfcfcA. B»3pjt3fciJV^T» ft^FULL 
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1 5 

mm "0" fc*"J^R?Sttfl:SiiTv^. Sfc, BWSt 

TY#»a "1" fcfcOiSttfcSft.'O****, 

t 5{CfcV>T, iX»r-^D at a (W) 05*£j&»*« 

ffibfU fi*EMPTYtt»a "0" fcfrOTiSttfcS 

[ 0 0 4 5 ] 01 4ii, 08 fc*^lM»» 1 0 0 fctfjB 
■ffc-b/US: (M-l) fflSMt* t b t> fc, H9te5H" 
©JffllgB 2 0 0 fcttf&tt-fert'fc 1 flHOtt* ££££ 

•5 . SOWS 1 0 0 *3«k^Jffllg|52 0 OCO-tJWm^Z, 

W ( n ) ^HHmyy^R^mMtltiUbco^R 20 
(n) wHEfrwaWi* «*<o«W»?*M<ofcfc. i 

LK, RCLK^, fl-f-FULL, ff^EMPTYtO 

( m ) 5r s m lmefflvmmm- w < o ) 
u »M«aoiijflwu<oJSHPR (m) mi^isoftj 
r < o ) ^%mi-&WMmr&m£%h. 

[0046] 

[ mam i m±*> t *j o x fur, atscMffi 30 
m^ttwm^is^-ivt , izi.-?x f 1 Fo**y 

*»tf'*6J3teU:fc*>, I&ft#^£$M3fc-ft§tfl>c: 
[0E<ofSm$r§i^] 

[01 ] HRW*F I FO>*»Jtffl^n:T-^*K3»« 
jms^-r 7*0 <y ?H?fc4 . 

[03] *#5!fc«S FIFO^t'J *t 40 

[04 ] 03tC^-tF I FO^=E>JSr»fM-**l»7" 
n-feX£^-r0T'£>£. 

[05 ] 03tC7S^"F I FO^^t 'J^rlSff^ |)|^2 <07' 
[06] 03^tF I FO^=E'JS:»fH-4!|l3<or 
[07] 03^tF I FOX*VZimtZ%4:Cr>r 
[H8 J *»Hfcfc6F I FO**yfc*lcOM»«fc 50 



*HHPF1 0-1 12178 
1 6 

LTfflU* EIII<0-W**^-|SI»BIT** . 

[09] #*!lifcff*F I FO^*»JfeSI2<0*JflPfBi: 

[010] 08fcJ:*/09£5rf EIJBE3k:fflv^fe*t*tv» 

[01 1] H8fcJ:tfH9fc^0H0teffioWiTV* 

sm2 ffitsmam x vz<Dimmmz^*r mxh & . 

[012] H8fcJ:tfH9fcjj^0*MteJI!o&ftT^ 
££3 om» Eff&fc J:M«3ra««*^f ET?*>* . 
[013] 08t5j:t/ - 09t^-rilISS^ffl^Tfll^t3t 

f i fo** s.y^'i-^-hxh 

4. 

[014] H8fc J: V09 fcSWM«l»S:K»t&i fc 

*. 

l-*ltf>0» 

3- F I FO^'J 

4- -TJLr;P#'-hSRAM 

1 0-F I FO^t'J 

I l-^tUtyi-yl- 

I I a~i i f — ae*» 

1 2-«IW : eya-;i»' 

12a-l 2 f •••©JffllgP 

2 0-#fitfa-7 h 

2 1 ■ • • 1 f >y h Of Sit*? O-kfl' 
2 2- -Sar - ^ >/ 7 r cO-fe/P 

2 3-»HJr-^>/7r«-fe;V 

3 l-«IWaW)-(r;l/ 

1 0 0-»l^M*PS 

1 1 o-irowai** 

12 0HKWMf75*'WW8 

1 3 0-»affl9*£» 

14 0-ttffi«Bf7 5^tt» 

2 1 0-ffTffi-tffi*« 

2 2 0-«MW»79^^l««W 

2 3 0-SI3Efl*»£« 

2 4 0-tta«MJr7 5^T«WII 

A-F-r-^t«#it*ffiaL^E«» 

EMPTY-Stt«S^«-» 

FULL-SMJaS**^^ 

Pread-Kffi'K'f 

Pwrite ■■•SiisK^ 

RCLK-JBffi^Dy^f 

RESET-U-by hfl^- 

R(n-l), R(n), R(M-l), R(M) -fe 
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1 7 

RR ( n) , RR (M) -ft\ffl*I1i* 

W(n-l),W(n),W (M-l ) , W (M) — (g 



10) 0-1 121 78 

1 8 

WW ( n ) , WW ( M ) -^jirF^flv 

xi~x3-«aM-*&?-* 

X ( 1 ) , X (L) -iat^f-^#f7 h 
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[H2] 
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4 . 
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20 : gaff 3.= y V 
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[06] 
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L 

If 
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23 20 



22 *™ S ,, *»«■■ 23 20 

itfzj?. , y i ^ 7 " 
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[07] 



x (L)-> 



x (i) 



22 21 

-VtV 



RESET >- 

wax >- 

FULL <h 



R 

I Qh- 



[011] 



21 23 



ims] 
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Latch 


X 
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I 
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[ laa 



RCLK 

-fc EMPTY 



120 : m&mm' 
mm 



140 : fltfUMr??** 



(a) 



(b) 
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[H9] 



210 : 1W«* 



230 : ss^a-f- 



240 : gRffi*^?** 



SSLiMl-RPjaD 




RCLK 



[014] 

M7~ K-feMJ- 



RESET 



WCLK-£> 
FULL -<J 



Mfl) 



«r Cs> nuts) 

T — T 



£>£MFTY 
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